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Word Reading in L1 and L2 Learners of Chinese: Similarities and Differences in the Functioning 

of Component Processes 

DONGBO ZHANG 

Michigan State University, Department of Teacher Education, 620 Farm Lane, East Lansing, 

MI, 48824 Email: zhangdo6@msu.edu 

<A>ABSTRACT 

This study examined the similarities and differences in the functioning of component processes 

underlying L1 and L2 word reading in Chinese. Fourth grade Chinese children in Singapore were 

divided into L1 and L2 reader groups based on whether they used Mandarin or English as their 

home language. Both groups were administered a battery of tasks that assessed their orthographic 

processing skill (OP), phonological awareness (PA), morphological awareness (MA), oral 

vocabulary knowledge, as well as the ability to decode characters and multi-character compound 

words. Separate Structural Equation Modeling (SEM) analyses showed that in the L1 group, over 

and above all other variables, both OP and MA, as opposed to PA, were significant predictors of 

word reading, whereas in the L2 group, OP and PA, as opposed to MA, predicted word reading. 

Multiple-group SEM analysis further revealed that the effects of OP and MA were significantly 

larger in the L1 than in the L2 group, whereas a converse pattern was found for PA. These 

findings are discussed in light of the linguistic and language-to-print mapping properties of 

Chinese as well as the influence of L1 and L2 learners’ differential experience on how they learn 

to read in Chinese.  

<END OF ABSTRACT> 

	
Keywords: phonological awareness; orthographic processing; morphological awareness; word 

reading; Chinese 
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Writing encodes language; and learning to read essentially involves mapping language 

information onto print. Such a principle suggests that a set of universally important skills is 

necessary in learning to read across languages even though there are variations as to what these 

skills entail and how they are deployed and prioritized depending on details of language-to-print 

mapping relationships (Perfetti, 2003; Perfetti & Dunlap, 2008). Within a specific language, the 

linguistic and mapping properties seem to suggest that the set of skills critical to learning to read 

in monolingual or first language (L1) readers may also be manifested in second language (L2) 

readers (Geva & Wang, 2001; Nassaji, 2014). On the other hand, L1 and L2 reading also show 

notable differences (Grabe, 2009; Koda, 2005; Melby–Lervåg & Lervåg, 2014). Among the 

many experiences L2 readers have that make them different from L1 readers is their typical lack 

of oral language experience and early exposure to print in the target language prior to their 

formal learning to read in the language at school (e.g., English Language Learners learning to 

read in the United States); and some experience with a (L1) script that does not necessarily 

belong to the same writing system of the target language (e.g., Chinese-speaking learners of 

English). The influence of such differential experience seems inevitable on L2 learners’ reading 

acquisition (Koda, 2007, 2008; Melby–Lervåg & Lervåg, 2014). 

The foregoing delineations suggest that L1 and L2 learners could show similarities as 

well as differences in the functioning of sub-skills underpinning learning to read. Such an 

argument has been supported by the extant L1 and L2 reading literature. However, the L2 

reading literature, including the small amount of research that directly compared L1 and L2 

reading/readers (e.g., Lipka & Siegel, 2007; van Gelderen, Schoonen, Stoel, & de Glopper, 2007; 

Verhoeven, 2000), has focused almost exclusively on alphabetic languages, notably English. 

Recently, Chinese has been foregrounded as a unique case in an effort to develop a universal 
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science of reading and understand writing system constraints on reading acquisition (e.g., 

Perfetti, 2003; Perfetti, Cao, & Booth, 2013; Ziegler & Goswami, 2005). Different from 

alphabetic languages, Chinese is morphosyllabic with the graphic unit (i.e., character) mapped 

with the phonological unit of syllable rather than phoneme, and has orthographic processing 

prioritized in word recognition (Perfetti et al., 2013). Its larger grain-size (Ziegler & Goswami, 

2005), unique orthography (DeFancis, 1989; Taylor & Taylor, 1995), and a very high level of 

homophony and lexical compounding (Chao, 1968; C. Li & Thompson, 1981; Packard, 2000) 

have motivated a considerable amount of research on the psycholinguistic underpinnings of 

Chinese reading acquisition, and their potential differences from reading acquisition in 

alphabetic languages (see Leong, 2015 for a review).  

Comparing L1 and L2 readers of Chinese thus provides a unique opportunity to further 

our understanding about how learning to read in an L2 reflects the mandates of the properties of 

the target language as well as readers’ differential experience, particularly L2 readers’ L1 

processing experience. So far, theoretical discussions and empirical work on Chinese reading 

acquisition have largely been based on native Chinese-speaking children or L1 readers. Little 

research has been conducted to compare L1 and L2 Chinese reading. As a result, very little is 

known about how the sub-skills that pertain to the three lexical constituents, i.e., phonology, 

orthography, and morphology, might function similarly or differently in learning to read among 

L1 and L2 Chinese readers. To address this research gap, this study examined how orthographic 

processing skill, phonological awareness, and morphological awareness contribute to Chinese 

word reading in two groups of children who studied in the same societal and school context but 

had Chinese either as their L1 or their L2. Specifically, using multiple-group Structural Equation 

Modeling (SEM) analysis, this study directly compared the strengths of the effect of each of the 
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three sub-skills in addition to modeling the pattern of their contributions to word reading within 

each group. 

<A>LEARNING TO READ IN CHINESE: PHONOLOGY, ORTHOGRAPHY, AND 

MORPHOLOGY 

Chinese is morphosyllabic in that in print it is represented in characters (square shape 

symbols composed of strokes and stroke patterns); each character represents a syllable and has 

one of the four tones (DeFrancis, 1989; Taylor & Taylor, 1995). A Chinese syllable is comprised 

of an initial and a final or an onset and a rime (Halliday, 1981). A restricted set of onsets (about 

22) and rimes (about 37) forms about 400 valid syllables in Chinese (C. Li & Thompson, 1981). 

With the four tones considered, there are about 1,300 valid tone syllables (Taylor & Taylor, 

1995). Given the large number of characters (Zhao & Zhang, 2007), a high level of homophony 

in Chinese is not surprising.  

Most Chinese characters (estimated to be about 80% to 90%) are semantic–phonetic 

compounds that are composed of two orthographic components named semantic and phonetic 

radicals, respectively, with varied spatial configurations and canonical positions (e.g., left–right, 

top–bottom, surrounding, and half-surrounding); the number of single-unit characters, which 

cannot be decomposed into smaller functional components, is very small in Chinese (DeFrancis, 

1989; Taylor & Taylor, 1995). A phonetic radical provides information, albeit often not very 

reliably (Y. Zhou, 1978), about the pronunciation of a host character, while a semantic radical 

provides partial information about the meaning of that character. For example, in � /xiàng/ 

(oak), the left component (wood) is the semantic radical (a character itself) and indicates that 

the meaning of� is related to wood; the right component /xiàng/ (elephant) (also a 
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character) is the phonetic radical with exactly the same pronunciation of the host character but 

has nothing to do with its meaning.  

An unavoidable issue of examining learning to read in Chinese is what constitutes a word 

in the language. A Chinese character is typically a morpheme. While many Chinese characters 

are free morphemes or words themselves, the number of characters is finite, and most Chinese 

words are multi-morphemic and represented in multiple characters in print. Actual estimates of 

the number of characters vary with the largest reaching about 85,000 (Zhao & Zhang, 2007); 

however, most characters included in the estimates are seldom used in modern Chinese. It has 

been noted that the most common 3,500 characters largely cover all those that appear in modern 

Chinese texts, and knowledge of these characters is commonly required for basic literacy in 

Chinese (F. Wang, Tsai, & Wang, 2009; Zhao & Zhang, 2007). Chinese words are primarily 

formed through morphological processes, predominantly compounding with very limited 

affixational processes like inflection and derivation in English; and they appear in print in two or 

more characters with no space in between (C. Li & Thompson, 1981; Packard, 2000). For 

example,  /lánqiú/ (basketball) is a nominal compound with a modifier–head relationship. 

Both and are semantic–phonetic compound characters that mean basket and ball, 

respectively. J. Zhou’s (2004) reported that about 68% of the 58,481 words in the Modern 

Chinese Dictionary are disyllabic or two-character words, of which about 99% are two-character 

compound words. 

The properties of the Chinese writing system and representation of words in print suggest 

that sub-skills related to phonology, orthography, and morphology can all be important in lexical 

processing and reading acquisition (Leong, 2015; Perfetti et al., 2013). On the other hand, how 

these sub-skills are functional in learning to read seems to be shaped by the Chinese linguistic 
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and writing system and shows differences from alphabetic languages like English. To begin with, 

given the Universal Phonological Principle (Perfetti, 2003; Perfetti, Zhang, & Berent, 1992), the 

importance of phonological awareness has been underscored in Chinese reading acquisition 

(Hanley, 2005), even though its appears to be lower than in alphabetic reading. Given the larger 

psycholinguistic grain-size of Chinese (Ziegler & Goswami, 2005), it is awareness at the syllabic 

level and at the level of larger sub-syllabic units of onset and rime that has been found to play a 

very important role in learning to read in Chinese (Ho & Bryant, 1997a; C. Hu & Catts, 1998; 

Huang & Hanley, 1994; McBride–Chang & Ho, 2000). This marks a contrast to alphabetic 

reading in which phonemic awareness plays an essential role. In addition, awareness of tones, a 

supra-segmental feature of Chinese, has also been found to be closely related to Chinese word 

reading (e.g., McBride–Chang et al., 2008). Given that a phonetic radical provides pronunciation 

information of its host character, the ability to use the functional information of phonetics has 

also been found to facilitate character reading (e.g., Anderson et al., 2003; He, Wang, & 

Anderson, 2005; Ho & Bryant, 1997b; Shu, Anderson, & Wu, 2000; Siok & Fletcher, 2001).  

Orthographic processing is another important skill underpinning Chinese reading 

acquisition. While reading in any language necessitates attention to orthographic forms, 

orthographic processing seems particularly important, and more so than phonological processing, 

in Chinese reading. In alphabetic reading, learners could use phonological recoding as a self-

teaching mechanism to acquire and reinforce orthographic representations for rapid word 

recognition, resulting in a strong association between orthography and phonology in the process 

of learning to read and spell (Ehri, 2014; Share, 1995). Such a strong association does not seem 

to hold in Chinese reading acquisition, given its unique representation. While it is possible that 

some phonology–orthography connections might be established through the reader’s use of 
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phonetics for character decoding, overall, the reliability of phonetics providing sound 

information of their host characters is low; and orthographic forms need to be specifically 

learned (Perfetti et al., 2013). Empirically, there is a lot of evidence that orthographic processing 

skills are an important predictor of word reading in native Chinese-speaking children (e.g., H. Li 

et al., 2012; T. Li et al., 2012; McBride–Chang et al., 2005; Tong, et al., 2009).  

In addition to phonology and orthography, an increasing amount of research attention has 

recently been given to the role of morphology in Chinese reading acquisition. Because of the 

high levels of homophony (/xīn/ can be both /new or /heart) and homography (�/huā/ has 

very different meanings in /spend money and /flower-powder or pollen), it naturally 

follows that the ability to discriminate homophonic and homographic morphemes plays an 

important role in Chinese reading. Another aspect, and a more important one, of morphology in 

Chinese is compounding, which is the predominant way of word formation in the language, as 

indicated earlier. Knowing how and are semantically and structurally concatenated, or 

awareness of morphological compounding, facilitates the recognition of the word  in print. 

Strong evidence has been accumulated that morphological awareness is an independent predictor 

of character and multi-character word reading after controlling for other skills like phonological 

awareness in native Chinese-speaking children (e.g., X. Chen et al., 2008; H. Li et al., 2012; W. 

Li et al., 2002; Liu & McBride–Chang, 2010; McBride–Chang et al., 2005; McBride–Chang et 

al., 2003; Shu et al., Liu, 2006; Tong et al., 2009).  

While all three processes—phonology, orthography, and morphology—play an important 

role in learning to read in Chinese, their detailed functioning seems sensitive to developmental 

stage. For example, a close relationship between morphological awareness and word reading has 

been found to emerge from as early as kindergarten among native Chinese-speaking children 
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(e.g., McBride–Chang et al., 2003). This seems reasonable, given that morphological 

development has a strong basis in oral language; that is, children use the meanings and principles 

acquired from oral language to support their early reading acquisition. On the other hand, a 

significant effect of orthographic processing on word reading does not seem to emerge until 

children have had a significant amount of formal experience with print; in other words, 

orthographic forms will need to be learned before knowledge of their patterns could be used by 

children to support their character recognition (e.g., H. Li et al., 2012).  

The detailed functioning of the component processes may also be sensitive to the nature 

or context of Chinese reading acquisition. To date, almost all the theoretical knowledge and 

empirical evidence about Chinese reading acquisition have come from native Chinese-speaking 

students learning to read in a context where Chinese is the societal language and medium of 

instruction in school. These students typically have substantial oral language experience prior to 

formal learning to read in school and also have plenty of opportunities to engage with Chinese 

print on a daily basis. That same situation for Chinese reading acquisition does not necessarily 

apply to all contexts of learning to read in Chinese and all types of Chinese learners (e.g., L2 

learners in a foreign context). This issue is the focus of the following section where L1 and L2 

reading acquisition in Chinese are compared. 

<A>COMPARING L1 AND L2 READING IN CHINESE 

As noted at the beginning of the article, theoretically, the set of skills underpinning L1 

reading acquisition could also be functional in reading acquisition among L2 learners, given the 

properties of the target language and its writing system (Geva & Wang, 2001). The detailed 

functioning of these component skills or how they are orchestrated in the process of becoming 

literate, however, could differ between L1 and L2 learners, given the disparate experiences they 
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often bring to the reading acquisition process. This seems to have been supported by a small 

number of studies that directly compared L1 and L2 readers of alphabetic languages, such as 

English (Chiappe & Siegel, 1999; Lipka & Siegel, 2007) and Dutch (Droop & Verhoeven, 2003; 

Verhoeven, 2000). For example, Lipka and Siegel (2007) compared how various skills 

contributed to word reading in ESL learners and English-speaking children. While letter 

identification and sentence memory at kindergarten were significant predictors of word decoding 

at Grade 3 for both groups of students, a significant unique effect of phonemic awareness (and 

rapid automatized naming) only surfaced in the English-speaking students.  

Like L2 readers of alphabetic languages, L2 readers of Chinese, compared to L1 readers, 

typically lack substantial oral language experience before learning to read in Chinese, which 

suggests that they may not have as strong a morphological knowledge base as L1 readers do to 

support their early reading acquisition in Chinese. In addition, L2 readers tend to have 

substantially less reading and writing experience than L1 readers. The findings of a few studies 

suggest that orthography-focused practice (especially character writing), which helps strengthen 

learners’ orthographic representations, plays a particularly important role in the process of 

Chinese reading acquisition (e.g., Guan et al., Perfetti, 2011; Tan et al., 2005). It would appear to 

follow that L2 readers’ limited Chinese literacy practice, compared to that of their L1 peers, 

would have an influence on their functional knowledge of orthographic patterns and the extent to 

which they would or could use this knowledge to facilitate the recognition of Chinese words. 

Finally, L2 readers of an alphabetic L1 background bring with them disparate linguistic 

processing and mapping experiences to the Chinese reading acquisition process; consequently, it 

is reasonable to expect some influence of those L1 experiences on their learning to read in 
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Chinese, as suggested by the extant research on L2 readers of alphabetic languages (Koda, 2007, 

2008; Leong, 2011; Melby-Lervåg & Lervåg, 2014).   

Despite Chinese being an interesting case that could further our insights into 

commonalities and differences in L1 and L2 reading acquisition, research on L2 Chinese reading 

acquisition has been very limited. The small number of existing studies, which focused almost 

exclusively on adult learners of L2 Chinese, seemed to have confirmed the important place of 

orthographic processing, particularly functional components like semantic radicals, in Chinese 

word recognition and learning (e.g., Shen & Ke, 2007; M. Wang, Liu, & Perfetti, 2003; Xu, 

Chang, & Perfetti, 2014; Yang, 2000). Rarely, however, was there any direct comparison of L1 

and L2 learners to enrich our understanding of how the different component processes 

highlighted earlier are functional in L1 and L2 Chinese reading. In a study with an objective 

closest to that of the present one, Leong et al., (2011) compared how some component skills 

functioned in Chinese textual comprehension between immigrant students studying Chinese as 

an L2 and native Chinese-speaking (L1) students with matched proficiency in Hong Kong 

elementary schools. Orthographic processing was found to be a significant predictor of textual 

comprehension in the L1 group, as opposed to the L2 group, after controlling for RAN letter 

naming and verbal working memory. The authors explained that the non-significant effect of L2 

readers’ orthographic processing might be related to their poor knowledge of Chinese characters. 

Such a finding appears to corroborate an observation made earlier in this article that learners 

need significant experience with Chinese print for them to develop functional knowledge of 

orthographic patterns and use that knowledge to facilitate their reading acquisition (e.g., H. Li et 

al., 2012).  

<A>THE STUDY 



 11 

  Our knowledge about the commonalities and differences in L1 and L2 reading came 

largely from alphabetic languages. Chinese word reading provides a unique case for exploring 

how the detailed functioning of orthography, phonology, and morphology might vary as a 

function of the differential experience L1 and L2 readers have in the reading acquisition process. 

To this end, this study compared how skills related to these three lexical constituents contributed 

to Chinese word reading among young L1 and L2 readers who had learned Chinese for about 

four years in the same societal and school context. The following questions guided the study:  

RQ1.  Are orthographic processing skill, phonological awareness, and morphological 

awareness all significant contributors to Chinese word reading? 

RQ2. Do the effects, if any, of the three types of skills differ between L1 and L2 readers?  

<A>METHOD 

<B>Context 

This study was conducted in Singapore, a small island country just off the Malay 

Peninsula in Southeast Asia. Singapore is a multilingual country with four official languages, 

including English and the languages of the three major ethnic groups (i.e., Chinese of the 

Chinese, Malay of the Malays, and Tamil of the Indians) (Shepherd, 2005). Chinese is the largest 

ethnic group in Singapore, accounting for about 74% of the whole population (Department of 

Statistics, 2016). Singapore has adopted a bilingual education policy ever since its independence 

in 1965. Under the bilingual education system, students of all ethnic groups are required to learn 

their respective ethnic language as a school subject, while developing proficiency in English, 

which is a school subject itself and also the medium of instruction for math, science, and other 

school subjects. 
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In the past few decades, the global influence of English as a lingua franca has had 

considerable consequences for the sociolinguistic milieu in Singapore. Perhaps the most 

significant of these is gradual home language shift from the ethnic language to English, which is 

particularly pronounced in the Chinese community (Zhao & Liu, 2007, 2010). As a result, even 

though all ethnic Chinese children learn to become literate in Chinese through 12 years of formal 

instruction (from Grade 1 to Grade 12), they bring diverse experiences to the process of literacy 

acquisition. A notable difference pertains to oral language proficiency. On the one hand, there 

are those who use English as their home language and have no or very limited oral language use 

of Chinese prior to elementary schooling (e.g., everyday communication with parents and 

exposure to media at home); on the other hand, the significant number who use Chinese as their 

home language despite the trend to shift to English have opportunities to interact with family 

members and watch Chinese TV programs on a daily basis (cf. Zhao & Liu, 2007). Such 

language use contributes to their development of a stronger phonological foundation of Chinese 

and a vocabulary repertoire greater in both quantity and quality than that of their peers who 

speak English at home (Zhao, Liu, & Hong, 2007).  

Another notable difference between the two groups of students, who were called L2 and 

L1 readers of Chinese in this study, respectively, given their distinct home language experience, 

is related to their school instructional experience. To accommodate the diverse experiences that 

children had with Chinese prior to formal learning in school, the Singapore Ministry of 

Education started promulgating a Modular Chinese Language Curriculum (hereafter, Modular 

Curriculum) in 2007 to provide differentiated curricula for children with different learning needs. 

A detailed review of the Modular Curriculum is beyond the scope of this article. Interested 

readers are referred to L. Li, Zhao, & Yeung (2012) and Chinese Language Syllabus (Primary) 
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(Ministry of Education, 2014) for details. The Modular Curriculum stipulates that¸ based on their 

overall proficiency, students are assigned to study either� �/Gaoji Huawen (Higher 

Chinese; for more proficient students) or �/Huawen (Chinese; for less proficient students). 

Linking these two types of curricula is a Core Module that every student must take (70%–80% 

instructional time). In addition, depending on proficiency level, students also study, with 20%–

30% instructional time, either a Bridging Module (preparation for the Core Module) or an 

Enrichment Module (an extension of the Core Module). No national data have been available to 

show whether there is any correspondence between patterns of home language use and children’s 

curricular experience in school. It seems logical, however, to assume that L2 learners are more 

likely to study Huawen, and L1 learners Gaoji Huawen in elementary school, an expectation that 

was confirmed by the background of the participants of the present study. Because of that 

different curricular experience, compared to their L2 peers, L1 readers tend to have more 

instructional time in Chinese, and a higher level of literacy learning objectives, such as 

recognizing and writing more characters (Ministry of Education, 2014).1 Given their different 

experience in home language use as well as school learning of Chinese, L1 readers presumably 

would have more refined phonological, orthographic, as well as morphological representations, 

or a higher lexical quality (Perfetti, 2007), than L2 readers; how the three component processes 

interact in word reading might also be different for the two groups. However, little research has 

addressed these issues.  

<B>Participants 

The participants were fourth grade ethnic Chinese students from three neighborhood 

schools, which are public schools with ethnically diverse student populations. Based on the result 

of a survey, which asked parents about the patterns of home language use (and literacy 
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practices), the students were divided into two reader groups: the L1 readers were those who 

reported using Mandarin as the home language for communication with both parents; the L2 

readers were those who reported using only English as their home language. There were also 

groups of students who used both Mandarin (and other dialects of Chinese, such as Hokkien, 

Teochew, and Cantonese) and English at home with varied patterns. Given that the purpose of 

the present study was to compare L1 and L2 Chinese reading, those groups of students were 

excluded.  

In the final dataset of students who completed all tasks described later, there were 89 

boys and 91 girls (N = 180) in the L1 group with an average age of 10.41 years (SD = 0.34); and 

69 boys and 46 girls (N = 115) in the L2 group with an average age of 10.44 years (SD = 0.42). 

A t-test showed no significant difference in age between the two groups (p = 0.45). As a finding 

of the home survey, the L1 group (M = 2.98, SD = 1.43) had a significantly larger number of 

books for children at home than did the L2 group (M = 2.40, SD = 1.29) (1 = almost none; 2 = 

about 10; 3 = about 20; 4 = about 30; 5 = about 40 or more) (p < .001), although the average 

number of books was not large in either group. L1 children (M = 2.39, SD = 1.19) also read 

Chinese books more often than L2 children (M = 1.94, SD = 1.07) (1 = once or twice a month; 2 

= once or twice a week; 3 = 3-4 times a week; 4 = daily) (p < .01); neither group, however, 

seemed to read Chinese books very often at home. Finally, among the 180 L1 readers, 162 were 

studying Gaoji Huawen and 18 studying Huawen; among the 115 L2 readers, 107 were studying 

Huawen and 8 studying Gaoji Huawen. Although it was not known how these students were 

assigned by their schools to study the two different Chinese curricula, these numbers suggested 

an overall correspondence between the level of Chinese use at home and the level of Chinese 

curriculum studied at school.2 
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<B>Tasks 

All children were administered a number of literacy tasks at the end of Grade 4. In 

addition, Raven’s Standard Progressive Matrices (Raven, Raven, & Court, 1998; Sets A, B, and 

C with 36 items) were also administered to measure their non-verbal intelligence, which was 

included as a covariate when the relationships of orthographical processing, phonological 

awareness, and morphological awareness to word reading were modeled.3 With the exception of 

the phonological awareness and word reading tasks, which were individually administered in a 

quiet room in the children’s schools, all tasks were group administered in their regular Chinese 

classes.  

<C>Orthographic Processing. Orthographic processing was operationally defined as the 

knowledge about Chinese radicals and the sensitivity to their spatial configurations. It was 

measured with an Orthographic Choice task and a Radical Position task. The former task was 

modeled on the one used by Leong and his colleagues (2011). In the task, children were 

presented 20 pairs of two-character words where in each pair one word had the correct 

orthographic form (e.g., and ), whereas the other word had a character that 

orthographically resembled the correct character but had a radical of the character wrong – 

usually the semantic radical was different (e.g., and ). They were asked to circle the 

correct word for each pair.  

The Radical Position task measured children’s sensitivity to the canonical position of a 

radical or character legality. Some radicals have a fixed position in their host characters with a 

particular spatial structure or configuration. For example, , the semantic radical meaning 

‘water’ or ‘liquid,’ is always on the left side of its host characters, such as  (lake) and  

(liquor); students with structural knowledge of this radical would know that a spatial 
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configuration with on the top, to the right, or at the bottom of another radical would violate 

that canonical position and yield an illegal character. Twelve pseudo characters of different 

semantic–phonetic radical structures (i.e., left–right, top–bottom, surrounding, and half-

surrounding) were presented. Each character has four choices of structural configurations (e.g., 

,  , , ). Children needed to circle the one that best looked like a Chinese character (e.g., 

). In addition, some semantic radicals may also be phonetic radicals and can have varied 

positions in their host characters. For example, the  (horse) radical can appear both on the right 

and left sides of characters of a left–right structure, such as  (ride) and  (mother); it may also 

appear at the bottom of characters of a top–bottom structure, such as  (scold) and 

(ride/drive). When the task was designed, care was taken to ensure that only semantic radicals 

with a consistent positon across their host characters were included to create the test items. The 

empirical reliability (Cronbach’s α) of these two tasks and the following tasks are shown in 

Table 1.  

<C>Phonological Awareness. Phonological awareness was defined as the sensitivity to 

the segmental as well as supra-segmental features of Chinese phonology (Halliday, 1981). It was 

measured with an Onset Deletion task and a Tone Discrimination task. In the Onset Deletion 

task, children were presented 15 Chinese syllables (e.g., /zǎi/) and were asked to say aloud the 

rest of each syllable or rime (i.e., /ǎi/) after the onset of the syllable (i.e., /z/) was removed. A 

similar task, often called phoneme onset deletion, had been used in previous studies to measure 

Chinese-speaking children’s phonological awareness (e.g., Leong, Cheng, & Tan, 2005; 

McBride-Chang et al., 2004; Tong & McBride–Chang, 2010). In the Tone Discrimination task, 

children were presented with 12 groups of three syllables. In each group, two syllables had the 
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same tone (e.g.,  kě/ and /lěng/), while the tone of the third syllable (e.g., /jiàn/) was different; 

and children were asked to identify the syllable with a different tone.  

<C>Morphological Awareness. Morphological awareness was operationally defined as 

learners’ sensitivity to homography and morphological compounding, which are both prevalent 

in Chinese. It was measured with a Homographic Discrimination task and a Compound Structure 

task. Unlike English, Chinese has very limited affixation morphology like inflection and 

derivation (Chao, 1968; C. Li & Thompson, 1981). Thus, morphological awareness at that level 

was not measured. Both tasks were read aloud to children as they worked on paper versions of 

the tasks. The Homographic Discrimination task was designed based on a similar task used by 

W. Li and her colleagues (2002); it tested whether children understood that a morpheme might 

have different meanings in different words. Children were presented 14 groups of three two-

character words that shared a homograph, and for each group, they were asked to identify the 

word where the meaning of the target character was different from that in the other two words. 

For example, in both  (business) and  (product),  means ‘commerce’; however, in

� (discuss),  means ‘discuss’ or ‘consult.’  

The Compound Structure task, which was designed after M. Wang, Cheng, & Chen 

(2006) and X. Chen and her colleagues (2008), measured children’s understanding of the 

modifier–head structure of Chinese nominal compounds, which are the dominant type of 

compounds in Chinese (NN; about 60% of compound words of all types) (Yuan & Huang, 

1998). Children were asked to choose a two-character compound that better answered a riddle, 

for example, . /: ? (Which is a better name for the flower 

that grows in a tree: a tree flower or a flower tree?). Its paired version was 

/: ? (Which is a better name for the tree that grows a flower: a tree flower or a 
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flower tree?). Following M. Wang and others (2006) and Zhang (2013), more complex riddles 

involving three-character compounds were also used to increase the difficulty level of this task. 

For example, / : , , , 

?�(Which is the best name for candies packed in a box that is made out of bronze: bronze candy 

box, bronze box candy, candy box bronze, or box bronze candy?). The task consisted of 20 items 

with 7 riddle-pairs of two-character compounds and 3 of three-character compounds

<C>Vocabulary Knowledge. Oral receptive vocabulary knowledge was measured with a 

researcher-developed picture selection task modeled after the form of the PPVT-IV (Dunn & 

Dunn, 2007). It included five sets of 12 multi-syllabic words of various frequency levels with 

reference to the Modern Chinese Frequency Dictionary (Beijing Language Institute, 1986). The 

frequency of the words ranged from 2 to 269, based on a corpus of 1.3 million word tokens (M = 

39.63; SD = 53.68). Because the task was to document individual differences in oral vocabulary 

knowledge rather than to estimate learners’ actual vocabulary size, stratified sampling of words 

from different frequency bands like in the case of the Vocabulary Levels Test (N. Schmitt, 

Schmitt, & Clapham, 2001) was not conducted. Each word was followed by four pictures. All 60 

words were read aloud to children and they circled the number of the picture on an answer sheet 

that represented the meaning of each word.  

<C>Word Reading. Chinese word reading was measured with a decoding task that 

included 20 characters and 20 two-character compound words. Children were instructed to read 

aloud those words printed on cards. All characters and compound words were sampled from the 

Chinese textbooks for primary school students developed by the Singapore Ministry of 

Education. They had increasing difficulty with easier ones selected from the textbooks that had 

been learned by the children and more difficult ones from Grades 5 and 6 textbooks.  
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<B>Data Analysis Methods    

To address the role of phonology, orthography, and morphology in L1 and L2 Chinese 

word reading, the bivariate correlations between all the measured abilities were first examined, 

and then the SEM method (Kline, 2011) was adopted to examine the detailed functioning of 

these skills within as well as between the L1 and L2 reader groups. All SEM analyses were run 

on Mplus 7 (Muthén &	Muthén, 1998–2015).  

For the baseline model of each group, it was hypothesized that Onset Deletion and Tone 

Discrimination would load on a factor of Phonological Awareness; Orthographic Choice and 

Orthographic Structure on Orthographic Processing; Homographic Discrimination and 

Compound Structure on Morphological Awareness; and Character Reading and Compound 

Word Reading on Word Reading. In the structural part of the model (see Figure 1 presented later 

with estimated structural parameters), Phonological Awareness, Orthographic Processing, and 

Morphological Awareness were allowed to covary with each other as well as with Vocabulary 

Knowledge, and predict the factor of Word Reading. To address the effect of each of these three 

latent predictors, Vocabulary Knowledge was also included in the structural model to predict 

Word Reading. Finally, Nonverbal Intelligence was hypothesized to predict Vocabulary 

Knowledge and all four factors, including Word Reading.  

For comparisons between the two groups, multiple-group SEM (MSEM) analyses were 

conducted with a set of models with nested structures tested (Byrne, 2012; Kline, 2011). The 

initial set of analyses aimed to establish measurement invariance before construct-level 

invariance was tested and structural parameters compared. The testing of measurement 

invariance began with configural invariance in that all parameters were allowed to vary between 

the two groups. Metric invariance or invariance of factor loadings was then tested between the 
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two groups (or “weak invariance;” Meredith, 1993). This was followed by the test of “strong 

invariance” (or invariance of item intercepts or scalar invariance) (Meredith, 1993). Residual 

variance invariance or “strict invariance” (Meredith, 1993) was not tested, because such testing 

is often not of interest and not recommended (Byrne, 2012). In other words, the test of intercept 

invariance was followed by tests of construct-level invariance, including factor variances and 

covariances. Because a core interest of the present study was in the similarities and differences in 

the strengths of the relationships of Orthographic Processing, Phonological Awareness, and 

Morphological Awareness to Word Reading between L1 and L2 readers, an MSEM test that 

followed aimed to test the invariance or non-invariance of the three structural parameters 

between the two groups.  

To supplement significance testing of χ2 values, different goodness-of-fit indices (GFI) 

have been proposed for evaluating SEM models. As suggested by L. Hu and Bentler (1999), this 

study reported Comparative Fit Index (CFI) and Root Mean Square Error of Approximation 

(RMSEA). Different rule of thumb cutoff values have been proposed for different indices. This 

study adopted the criteria suggested by L. Hu and Bentler (1999) that cutoff values of CFI ≥ .95 

and RMSEA ≤ .06 indicate a model with very good fit. For model invariance testing and 

comparisons, χ2 difference is typically used. If Dχ2 is significant, a model with more restrictive 

constraints is considered to show non-trivial deviation from the original model, and thus should 

be rejected. However, Cheung and Rensvold (2002) suggested that the χ2 difference test could be 

affected by overall sample size. If the sample size is very large, Dχ2 “could be statistically 

significant, even though the absolute difference in parameter estimates are of trivial magnitude” 

(Kline, 2011, p. 254). Therefore, other DGFIs should be examined and reported to supplement 

Dχ2. According to Cheung & Rensvold (2002), the null hypothesis of invariance should not be 
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rejected if changes in CFI are less than or equal to .01. F. Chen (2007) further recommended that 

for small sample sizes (less than or equal to 300) and unequal sample sizes, CFI value changes 

should be less than or equal to .005 and those of RMSEA less than or equal to .010 for a more 

constrained invariance model to be accepted. The present study adopted the rule of thumb values 

of DGFI recommended by both Cheung and Rensvold (2002) and F. Chen (2007) in conjunction 

with Dχ2 for decision-making on invariance testing.  

<A>RESULTS 

<B>Descriptive Statistics and Bivariate Correlations  

The children’s performance on all the tasks is presented in Table 1. A set of t-tests 

showed that the L1 readers performed significantly better than the L2 readers on all tasks except 

Onset Deletion, on which the two groups did not show any significant difference. Table 2 

presents the bivariate correlations between age, nonverbal intelligence, and reading-related 

abilities in the two groups. For both groups, age was barely a significant correlate of all other 

variables. It was thus not included as a covariate in the subsequent SEM analyses reported later. 

Nonverbal intelligence did not correlate significantly with any reading variables except 

vocabulary knowledge for the L2 readers, whereas for the L1 readers, significant correlations 

were more prevalent. To highlight the relationships between reading-related abilities, in the L1 

group, both tasks of phonological awareness had significant correlations with Character and 

Compound Word Reading; such correlations were also significant in the L2 group, except 

between Tone Discrimination and Character Reading (r = .138, p = .138). The two orthographic 

processing variables, namely Orthographic Choice and Radical Position, were significantly 

correlated with both Character and Compound Word Reading for both groups of readers. Finally, 

Homographic Discrimination and Compound Structure, the two measures of morphological 



awareness, were both significantly correlated with Character Reading and Compound Word 

Reading for the L1 group. In the L2 group, only Homographic Discrimination had significant 

correlations with the two word reading tasks; the correlations of Compound Structure with 

Character Reading (r = .172, p = .066) and Compound Word Reading (r = .120, p = .200) were 

not significant.  

<INSERT TABLES 1 AND 2 ABOUT HERE> 

 

<B>Phonology, Orthography, and Morphology in L1 and L2 Chinese Word Reading 

To compare the functioning of phonology, orthography, and morphology in L1 and L2 

Chinese reading, the SEM method was used to examine how these skills contributed to word 

reading in each group. As shown in Table 3, a few of the variables were not normally distributed 

for one or both groups of readers. Mardia’s normalized coefficient was 18.481 and 7.427 for the 

L1 and L2 groups, respectively, which suggested that neither group showed multivariate 

normality. Therefore, the method of maximum likelihood estimation using robust standard errors 

and scaled χ2 was adopted for all the SEM analyses conducted (i.e., MLM on Mplus 7 given no 

missing data) (Satorra & Bentler, 1994).  

<INSERT TABLE 3 ABOUT HERE> 

 

The model of the L1 group showed very good model fit: χ2 (22) = 32.488, p =.069, CFI = 

.983, and RMSEA = .051 (CI: .000, .087). As shown in Table 4, all estimated factor loadings 

were significant. In the structural part of the model, the five predictors explained about 83% of 

the variance in L1 readers’ Word Reading. After controlling for the other four of the five 

predictors, only Orthographic Processing (β = .469, p < .001) and Morphological Awareness (β =  



TABLE 1 

Children’s Performance on All Tasks and Comparisons Between L1 and L2 Readers 

Tasks (n = number of items) 
Reliability 

(α) 

 Total   L2 Chinese   L1 Chinese    t-test (df = 293) 

M SD 

 

M SD 

 

M SD 

 

t p 

Nonverbal Intelligence (n = 36) .874 28.31 5.36 

 

27.55 6.18 

 

28.79 4.72 

 

-1.95 < 0.05 

Vocabulary Knowledge (n = 60) .902 44.22 9.12 

 

38.19 9.22 

 

48.07 6.65 

 

-10.68 < .001 

Phonological Awareness 

           

 

     Onset Deletion (n = 15) .907 13.07 3.26 

 

13.21 3.02 

 

12.98 3.41 

 

0.58 0.56 

    Tone Discrimination (n = 12) .768 7.26 2.96 

 

6.66 2.96 

 

7.64 2.90 

 

-2.82 < .01 

Orthographic Processing 

           

 

     Orthographic Choice (n = 20) .883 16.74 4.18 

 

15.32 4.25 

 

17.64 3.87 

 

-4.83 < .001 

    Radical Position (n = 12) .795 10.10 2.04 

 

9.64 2.30 

 

10.39 1.80 

 

-3.13 < .01 

Morphological Awareness 

           

 

     Homographic Discrimination (n = 14) .726 7.41 3.13 

 

6.15 2.44 

 

8.21 3.26 

 

-5.83 < .001 

    Compound Structure (n = 20) .756 9.50 3.13 

 

8.41 2.46 

 

10.19 3.31 

 

-4.97 < .001 

Word Reading 

           

 

     Character (n = 20) .858 6.23 3.92 

 

4.57 2.79 

 

7.29 4.17 

 

-6.19 < .001 

    Two-Character Compound (n = 20) .914 11.92 4.72 

 

9.63 4.21 

 

13.38 4.44 

 

-7.21 < .001 
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TABLE 2 

Bivariate Correlations Between All Variables for L1 and L2 Readers  

  1 2 3 4 5 6 7 8 9 10 11 

1 Age – –.042 –.004 –.056 –.065 .017 –.103 .109 –.029 .024 –.034 

2 Raven .121 – .190* .183* .300** .143 .139 .287*** .194** .291*** .256*** 

3 Vocab –.018 .281** – .086 .098 .406*** .332*** .402*** .432*** .417*** .486*** 

4 OnsDel .147 .094 .364*** – .381*** .065 .165* .304*** .113 .191* .244*** 

5 TonDis –.011 .082 .358*** .382*** – .159* .234** .310*** .111 .286*** .316*** 

6 OrtCho –.214* .156 .510*** .264** .184* – .464*** .269*** .224** .396*** .532*** 

7 RadPos .086 .154 .367*** .247** .16 .521*** – .247*** .204** .304*** .444*** 

8 HomDis –.111 .086 .442*** .190* .165 .402*** .271** – .473*** .584*** .606*** 

9 ComStru  .046 .147 .138 .012 –.055 .161 .263** .281** – .490*** .499*** 

10 ChaRea  .034 .128 .299*** .305*** .138 .325*** .183* .420*** .172 – .834*** 

11 ComRea .118 .081 .491*** .466*** .299*** .528*** .392*** .446*** .120 .668*** – 

Note. L2 readers below diagonal; L1 readers above diagonal.  

Raven = Nonverbal Intelligence; Vocab = Oral Receptive Vocabulary Knowledge; OnsDel = Onset Deletion; TonDis = Tone 

Discrimination; OrtCho = Orthographic Choice; RadPos = Radical Position; HomDis = Homographic Discrimination; ComStru = 

Compound Structure; ChaRea = Character Reading; ComRea = Two-Character Compound Word Reading. 

* p < .05   ** p < .01   *** p < .001 

  



TABLE 3 

Normality Estimates (Skewness and Kurtosis) of All Tasks  

Tasks 
 Total   L2 Chinese   L1 Chinese  

Skewness Kurtosis 

 

Skewness Kurtosis 

 

Skewness Kurtosis 

Nonverbal Intelligence  –1.963 4.900  –1.651 2.630  –2.180 7.565 

Vocabulary Knowledge –.984 1.190  –.767 .721  –.997 1.698 

Phonological Awareness         

    Onset Deletion –2.275 4.958  –2.215 4.806  –2.288 4.928 

    Tone Discrimination –.204 –.626  .146 –.478  –.436 –.452 

Orthographic Processing         

    Orthographic Choice –1.964 3.602  –1.312 1.158  –2.798 8.045 

    Radical Position  –2.037 4.526  –1.705 2.687  –2.322 6.683 

Morphological Awareness         

    Homographic Discrimination –.034 –.931  .210 –.351  –.415 –.837 

    Compound Structure .878 .990  1.503 5.683  .557 .134 

Word Reading         

    Character .688 –.079  1.269 2.495  .301 –.531 

    Two-Character Compound –.538 –.199  –.354 –.281  –.922 .591 

 



.733, p < .001) had significant effects on Word Reading. Over and above Orthographic 

Processing and Morphological Awareness (and Nonverbal Intelligence and Vocabulary 

Knowledge), the effect of Phonological Awareness (β = -.039, p = .748) on Word Reading was 

not significant.  

<INSERT TABLE 4 ABOUT HERE> 

The model fit of the L2 group was also very good: χ2 (22) = 24.393, p = .327, CFI = .991, 

and RMSEA = .031 (CI: .000, .086). As Table 4 shows, like in the L1 group, all estimated factor 

loadings were significant. The five predictors explained about 56.1% of the variance in L2 

readers’ Word Reading. Phonological Awareness (β = .436, p = .006) and Orthographic 

Processing (β = .368, p = .003) were both significant, unique predictors of Word Reading, after 

controlling for the other four predictors; however, after Phonological Awareness, Orthographic 

Processing, Nonverbal Intelligence, and Vocabulary Knowledge were in the model, the effect of 

Morphological Awareness did not achieve significance (β = .193, p = .263). Figure 1 shows the 

standardized estimates of all structural parameters of the SEM models for the two groups. 

<INSERT FIGURE 1 ABOUT HERE> 

Comparing L1 and L2 Reader Groups 

To compare the specific relational patterns of Phonological Awareness, Orthographic 

Processing, and Morphological Awareness with Word Reading between the two groups, MSEM 

analyses were conducted. As the first step of invariance testing, a configural model (Model A in 

Table 5) was established in which all parameters of the models initially tested separately for each 

group were allowed to vary. To identify the model, the factor loading of the first indicator was 

fixed to 1 for each of the four latent variables; in addition, the four latent means were fixed to 

zero for both groups (Muthén &	Muthén, 1998–2015). As shown in Table 5, this configural  
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TABLE 4 

Parameter Estimates of SEM Analysis for L1 and L2 Chinese Readers	
 Factor Loadings L1  Factor Loadings L2 

 UNSTD SE STD  UNSTD SE STD 

PHONO OnsDel 1.000 – .528  1.000 – .707 

 TonDis 1.161*** .330 .721  .751*** .208 .541 

ORTHO OrtCho 1.000 – .746  1.000 – .843 

 RadPos .387*** .072 .621  .396*** .088 .618 

MORPH HomDis 1.000 – .754  1.000 – .895 

 ComStr .845*** .104 .627  .355* .207 .314 

WORD ChaRea 1.000 – .853  1.000 – .660 

 ComRea 1.220*** .094 .977  2.313*** .381 1.012 

 Structural Relationships L1  Structural Relationships L2 

 UNSTD SE STD  UNSTD SE STD 

WORD PHONO –.078 .242 –.039  .377** .138 .436 

 ORTHO .577*** .162 .469  .189** .063 .368 

 MORPH 1.061*** .225 .733  .163 .146 .193 

 Raven –.028 .063 –.037  –.018 .026 –.060 

 Vocab –.093 .063 –.173  –.011 .023 –.057 

Note. All results are based on the robust method (Satorra & Bentler, 1994). Only structural 

relationships with WORD as the endogenous variable are shown. Other structural 

relationships, including latent and non-latent correlations, are shown in Figure 1.  

UNSTD = Unstandardized estimates; STD = Standardized estimates; PHONO = Factor of 

Phonological Awareness; ORTHO = Factor of Orthographic Processing; MORPH = Factor of 

Morphological Awareness; WORD = Factor of Word Reading; Raven = Nonverbal 

Intelligence; Vocab = Oral Receptive Vocabulary Knowledge; OnsDel = Onset Deletion; 

TonDis = Tone Discrimination; OrtCho = Orthographic Choice; RadPos = Radical Position; 

HomDis = Homographic Discrimination; ComStru = Compound Structure; ChaRea = 

Character Reading; ComRea = Two-Character Compound Word Reading.  

* p < .05     ** p < .01     *** p < .001 



FIGURE 1 

Standardized Estimates of Structural Parameters in the SEM Models for L1 and L2 Readers 

L1 Chinese Readers 
 

L2 Chinese Readers 
 

	
	

Note. All results are based on the robust method (Satorra & Bentler, 1994). 

PHONO = Factor of Phonological Awareness; ORTHO = Factor of Orthographic Processing; MORPH = Factor of Morphological 

Awareness; WORD = Factor of Word Reading; Raven = Nonverbal Intelligence; Vocab = Oral Receptive Vocabulary Knowledge.  

* p < .05    ** p < .01    *** p < .001	
 



model showed very good model fit: χ2 (44) = 56.717 (p = .095), CFI = .986, and RMSEA = .044 

(CI: .000, .075). The next step tested factor loading invariance, which resulted in Model B in 

Table 5. While the model fit of Model B was overall good (χ2 [48] = 81.063 [p < .01], CFI = 

.963, and RMSEA = .068 [CI: .041, .094]), it was significantly different from the configural 

model (Dχ2[4] = 22.217 [p < .001], DCFI = -.023, and DRMSEA = .024), which seemed to 

suggest that the two groups of readers failed to show metric invariance and Model B should thus 

be rejected. However, as it has been discussed in the literature (Byrne, 2012; Byrne, Shavelson, 

& Muthén, 1989; Cheung & Rensvold, 2002; Kline, 2011; N. Schmitt & Kuljanin, 2008; 

Vandenberg & Lance, 2000), partial measurement invariance could be tested with non-invariant 

parameters identified. With consideration of both the actual factor loadings (Table 4) and 

Modification Index (MI), the equality constraints placed on Compound Structure and Character 

Reading in Model B were released, and a partial metric invariance model (i.e., Model Bp; see 

Table 5) was tested. Model Bp showed very good model fit (χ2 [46] = 57.367 [p = .122], CFI = 

.987, and RMSEA = .041 [CI: .000, .072]) and little deviation from the configural model (Dχ2[2] 

= 1.201 [p = .549], DCFI = .001, and DRMSEA = -.003). 

<INSERT TABLE 5 ABOUT HERE> 

On the basis of Model Bp, intercept invariance (Model C) was then tested with the 

intercepts of indicators constrained to be equal between the two groups except the two with non-

invariant factor loadings (i.e., strong invariance; Meredith, 1993). In addition, the constraints 

placed previously on latent means (i.e., fixed to one for both groups) in configural and metric 

invariance testing were removed (Muthén &	Muthén, 1998–2015). More specifically, the L1 

group was set as the reference group with factor means fixed to zero, whereas those factor means 

of the L2 group were freely estimated. As shown in Table 5, Model C was significantly different



TABLE 5  

Model Fit Indices of Multiple-Group SEM Analyses Comparing L1 and L2 Chinese Readers 

Model  Invariance Testing c2(df) CFI RMSEA (90% CI) Comparison With Dc2(df) DCFI DRMSEA 

Baseline Models        

   L1 Readers  – 32.488(22) .983 .051(.000, .087) – – – – 

   L2 Readers  – 24.393(22) .991 .031(.000, .086) – – – – 

Model Comparisons        

   Model A Configural  56.717(44) .986 .044(.000, .075) – – – – 

   Model B Factor loadings  81.063(48)** .963 .068(.041, .094) Model A 22.217(4)*** –.023 .024 

   Model Bp
a Factor loadings 57.367(46) .987 .041(.000, .072) Model A 1.201(2) .001 –.003 

   Model C Intercepts 66.555(48)* .979 .051(.012, .079) Model Bp 7.874(2)* –.008 .010 

   Model Cp
b Intercepts 57.566(47) .988 .039(.000, .070) Model Bp .355(1) .001 –.002 

   Model D Factor variance 65.540(51) .984 .044(.000, .072) Model Cp 7.596(4) –.004 .005 

   Model E Covariance 87.572(57)** .965 .060(.033, .084) Model D 20.722(6)** –.019 .016 

   Model F1c Covariate paths 83.295(56)* .969 .057(.029, .082) Model D 17.247(5)** –.015 .013 

   Model F2d Paths to WORD 80.535(54)* .970 .058(.028, .083) Model D 15.364(3)** –.014 .014 

Note. All results are based on the robust method (Satorra & Bentler, 1994). a Model Bp
 tested partial metric invariance with the constraints on the 

factor loadings of Compound Structure (indicator of Morphological Awareness) and Character Reading (indicator of Word Reading) released. b 

Model Cp
 tested partial intercept invariance with the constraint on the intercept of Onset Deletion released. c Equivalence constraints placed on 

the coefficients of Nonverbal Intelligence as a covariate.  d Equivalence constraints placed on the coefficients of the three latent predictors of 

Word Reading, including Orthographic Processing, Phonological Awareness, and Morphological Awareness.  

* p < .05   ** p < .01   *** p < .001 



from Model Bp (Dχ2[2] = 7.874 [p = .020], DCFI = -.008, and DRMSEA = .010); and therefore, a 

subsequent test of partial intercept invariance was conducted with the restriction on Onset 

Deletion released as suggested by MI. The new model or Model Cp  showed little difference from 

Model Bp (Dχ2[1] = 0.355 [p = .552], DCFI = .001, and DRMSEA = -.002]. Given the (partial) 

metric and scalar invariance, construct-level invariance was then tested.  

As shown in Table 5, there was factor variance invariance (i.e., Model D compared to 

Model Cp): Dχ2(4) = 7.596 (p = .108), DCFI = -.004, and DRMSEA = .005. Further testing of 

covariance invariance, however, resulted in a model (i.e., Model E) significantly different from 

Model D: Dχ2(6) = 20.722 (p = .002), DCFI = -.019, and DRMSEA = .016. Given this result, 

Model D was then used as the baseline to conduct two structural invariance tests between the two 

groups. In the first test (Model F1 in Table 5), the effects of Nonverbal Intelligence as a 

covariate were constrained. As shown in Table 5, Model F1 was significantly different from 

Model D: Dχ2(5) = 17.247 (p = .004), DCFI = -.015, and DRMSEA = .013. In the second test 

(Model F2), equivalence restrictions were placed on the paths from the three latent predictors of 

Word Reading (i.e., Orthographic Processing, Phonological Awareness, and Morphological 

Awareness). As Table 5 shows, Model F2, despite showing good fit, deviated from Model D 

significantly: Dχ2(3) = 15.364 (p = .002), DCFI = -.014, and DRMSEA = .014. This result 

suggests that Model F2 should be rejected or there was non-invariance of the three structural 

parameters between the two groups.  

<A>DISCUSSION 

Previous studies that compared L1 and L2 reading acquisition focused largely on 

alphabetic languages with a phoneme-to-grapheme mapping relationship. Chinese, a 

morphosyllabic language, constitutes a unique case to further our knowledge about the 
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commonalities and differences in L1 and L2 reading. Current theories of Chinese reading 

acquisition underscore the role of phonology, orthography, as well as morphology. However, 

they have been established almost exclusively on the basis of native Chinese-speaking children. 

It remained largely unknown how the contribution of these skills to Chinese word reading might 

play itself out in L2 learners’ differential linguistic and mapping experience. To address the gap 

of research, this study compared the functioning of orthographic processing, phonological 

awareness, and morphological awareness in Chinese word reading between fourth-grade L1 and 

L2 readers who had learned to read in Chinese in the same societal and school context.  

<B>Orthography in L1 and L2 Chinese Word Reading 

After controlling for all four other predictors, including the two types of metalinguistic 

awareness, orthographic processing skill made a significant contribution to Chinese word 

reading, which was true for both groups. This finding is consistent with the fact that the 

properties of the Chinese writing system (i.e., character) inherently mandate attention to 

orthographic forms of characters. Because homophony is prevalent in Chinese, orthography 

plays an essential role in helping readers establish correct associations between homophonic 

characters and their meanings in the process of character recognition. In addition, given the 

limited set of orthographic components (or (�/bujian, which are estimated to be about 540 in 

total; Leong, 2015) and that the large majority of Chinese characters are composed of these 

bujian with different structural configurations, many Chinese characters tend to show 

orthographic resemblance and require that readers have a refined knowledge of orthographic 

patterns to correctly recognize them. Orthographic processing skills have actually been 

underscored in theoretical discussions on Chinese reading acquisition (Leong, 2015; Perfetti et 

al., 2013). They have also been widely reported as a unique predictor of word reading among 
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native Chinese-speaking children (e.g., H. Li et al., 2012) as well as adult learners in a foreign 

language context (e.g., Yang, 2000). Taken together, these findings suggest that orthographic 

processing is a universally important skill for Chinese reading acquisition independent of the 

context of learning or background of learners.  

On the other hand, the unique contribution of orthographic processing to word reading 

was significantly greater in the L1 than in the L2 group, as revealed by the MSEM analysis. This 

might be related to the differential experience the two groups had with Chinese print. As noted 

earlier, compared to the L2 group, the L1 group was comprised largely of students studying in 

Chinese curriculum with higher learning objectives (i.e., Gaoji Huanwen), including those for 

literacy learning (e.g., more characters to be recognized and written) (Ministry of Education, 

2014). In addition to their richer instructional experience in the school setting, the L1 readers 

were also found to have more Chinese-related literacy practice at home. As indicated earlier, 

orthographic forms need to be learned and practiced for knowledge of them to be functional in 

literacy acquisition (Perfetti et al., 2013). This does not seem to show any fundamental 

difference between L1 and L2 readers. However, quantitative difference in experience with 

Chinese print may result in different strengths of association between orthography and meaning. 

Previous studies on the writing–reading connection in Chinese (e.g., Guan et al., 2011; Tan et al., 

2005), for example, revealed the benefits of character writing for word recognition through 

strengthening students’ orthographic representations. It thus seems reasonable to see a stronger 

effect of orthographic processing on word reading manifested in the L1 group, who had richer 

experiences with Chinese print, such as writing Chinese characters.   

<B>Phonology in L1 and L2 Chinese Word Reading 
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At the level of phonology, distinctive patterns were found between the two groups. In the 

L1 group, after all other predictors were in the model, phonological awareness did not stand as a 

significant predictor of word reading; on the other hand, its unique effect was significant in the 

L2 group, and was also significantly stronger than in the L1 group. Phonological awareness has 

been underscored as another important skill in native Chinese-speaking children’s reading 

acquisition, given the Universal Phonological Principle (Perfetti, 2003; Perfetti et al., 1992). 

While there are variations on what phonological awareness entails in Chinese, how its different 

components are measured, and how these components are functional in Chinese reading, the 

general consensus is that phonological awareness at the level of syllable and sub-syllabic units of 

onset and rime is more functional than that at the level of phonemes, given the larger grain-size 

of Chinese (Leong, 2015; Ziegler & Goswami, 2005). In the present study, Onset Deletion was 

used to measure children’s phonological awareness. Although the task was not a phonemic 

awareness task, its focus on the level of onset/phoneme only might have underestimated the 

contribution of phonological awareness to Chinese word reading for the L1 readers. This might 

be a reason why the unique effect of phonological awareness was not significant after the other 

skills were controlled for. On the other hand, the finding could also suggest that, like their 

monolingual Chinese-speaking counterparts, the L1 readers in this study tended to prioritize 

orthographic processing in their reading of Chinese words, as a possible result of a stronger 

association between orthography and meaning than between phonology and meaning that they 

had established through the substantial literacy experience in the four years of formal learning of 

Chinese.  

As to the significant effect of phonological awareness on L2 readers’ word reading, that 

might be related to the L1 background of these L2 learners. In this study, all L2 readers used 
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English as their home language. Given the critical impact of phonological awareness in English 

reading, L2 readers, compared to their L1 peers, might have prioritized phonological processing 

in Chinese word reading. Such a possibility seems reasonable in view of the extant research 

evidence from ESL reading that L2 readers’ L1 linguistic and mapping experience tends to 

influence their processing of L2 words (Koda, 2007, 2008; Leong, 2011). Leong, Tan and 

colleagues (2005), for example, found that young Chinese-speaking learners tended to rely more 

on orthographic processing than phonological processing in learning to read and spell English 

words. Focusing on adult ESL learners, Koda and associates (e.g., Muljani, Koda, & Moates, 

1998; M. Wang & Koda, 2005) have consistently found an advantage of L2 readers with an 

alphabetic background (e.g., Indonesian and Korean) in English word recognition over their 

Chinese peers with matched English proficiency.  

In the present study, students’ Chinese phonological awareness was measured with two 

tasks: Tone Discrimination and Onset Deletion. Given that Onset Deletion had a focus on 

onset/phoneme or a sub-syllabic unit salient in alphabetic reading whereas Tone Discrimination 

touched upon a supra-segmental feature nonexistent in English, the former might have been 

particularly prioritized by the L2 learners in their reading of Chinese words. Such reasoning 

seems to align with the finding of a recent meta-analysis of bilingual phonological awareness. 

Branum–Martin et al. (2012) found wide variability in the correlations of matched phonological 

awareness measures in Cantonese/Mandarin and English (the anchor language); however, an 

examination of the correlations summarized in Figure 3 (p. 938) suggests that there tended to be 

fairly consistent positive correlations between phoneme onset deletion in Chinese and its 

matched measure in English across studies of English learners.  
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Despite a possibility of involvement of L1/English-based processing in L2 Chinese word 

reading, such a cross-linguistic influence needs to be treated with caution, as the study did not 

measure children’s English phonological awareness (and other skills in English); thus it is 

impossible to ascertain any possible (positive) relationship between English phonological 

awareness and Chinese phonological awareness on the one hand, and with Chinese L2 reading 

on the other. In addition, whether L1-based processing will be involved or transferred in L2 

reading acquisition may also depend on the learning stage or actual proficiency of students and 

the nature of literacy tasks (e.g., Alderson, Nieminen, & Huhta, 2016; Yeong, Fletcher, & 

Bayliss, 2014). In a study that involved students in the same context as the present study (i.e., 

Singapore) but that focused on English literacy learning, Yeong and others (2014) found that 

both Mandarin-L1 (L2 readers of English) and English-L1 (L1 readers of English) prioritized 

phonological awareness, as opposed to orthographic processing, in their reading of English 

words; yet, English spelling of older Mandarin-L1 readers (11–12 years old) was significantly 

predicted by orthographic processing as well as phonological awareness. Overall, such reasoning 

seems to be in line with the argument that L2 reading acquisition is under the influence of both 

L1-based processing experience and accommodation of the properties of the target language – 

the latter can be promoted through formal literacy instruction and informal literacy practices 

(Koda, Lu, & Zhang, 2014).  

<B>Morphology in L1 and L2 Chinese Word Reading 

At the level of morphology, distinctive patterns were also found between L1 and L2 

readers. Specifically, over and above all the other variables in the model, morphological 

awareness was a significant predictor of word reading in the L1 group, and the effect was also 

significantly stronger than that in the L2 group where the effect did not achieve significance. 
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This study measured two aspects of morphological awareness: homographic discrimination and 

morphological compounding. Given the large number of homographs and compounding as the 

dominant way of word formation in Chinese, the significant functional relationship between 

morphological awareness and word reading in the L1 group was not a surprise. Such a finding 

also corroborates those of previous studies with a focus on native Chinese-speaking children 

(e.g., X. Chen et al., 2008; H. Li et al., 2012; McBride-Chang et al., 2003; Shu et al., 2006; Tong 

et al., 2009).  

If morphological awareness is necessary given the linguistic properties of Chinese words, 

why did a significant effect fail to surface among the L2 group, and why was the unique effect 

significantly larger in the L1 than in the L2 group? It is conjectured that the discrepancy between 

the two groups might be related to the differential language and literacy experience that they had 

with Chinese prior to and during formal Chinese learning in school. Specifically, as noted earlier, 

the L1 readers, given their use of Chinese on a daily basis at home, had substantially more 

exposure to words than did their L2 counterparts, who only learned Chinese in the school 

context. Their stronger foundation in oral language, including a significantly larger lexical 

repertoire (see Table 1) (see also the finding in Zhao et al., 2007), could have helped them 

develop a greater sensitivity to homophones/homographs and principles of morphological 

compounding, which was measured in this study. It is expected that in their everyday language 

use, L1 readers abstract morphological patterns from input, and at the same time apply the 

morphological insights to discriminate morphemic meanings and process words in literacy 

practices at school and at home, which in turn strengthens their morphological representations. 

Such a pattern of establishing an association between morphological awareness and reading does 

not seem typical for L2 readers. Compared to L1 readers, L2 readers would need to learn specific 
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morphological principles or patterns of Chinese along with their concurrent development of oral 

language and literacy abilities in the language. Consequently, a functional relationship between 

morphological awareness and word reading might take a substantially longer time to emerge in 

L2 readers than in L1 readers. In the present study, even though the L2 readers had formally 

learned to read in Chinese for four years and had developed some morphological competencies, 

those competencies might still be shallow and not fully functional. Alternatively, it might be that 

when there were orthographic knowledge and phonological strategies at their disposal, L2 

readers tended to rely on skills at these levels without actively engaging the morphological 

strategies they had developed. Overall, the great disparity in the contribution of morphological 

awareness to word reading (see Table 4 and Figure 1) might also be a major reason for the much 

larger amount of explained variance in word reading in the L1 group (about 83%) than in the L2 

group (about 56%). These conjectures all point to a need for instruction to promote L2 readers’ 

morphological awareness development in order to make the skills functional in literacy 

acquisition.  

<B>Limitations and Directions for Future Research 

A few limitations of this study are noted. To begin with, the L1 and L2 readers were both 

ethnic Chinese and studying to become biliterate in Chinese and English in the same multilingual 

context where both languages are official languages, taught in school, and assessed in high-

stakes tests (e.g., Primary School Leaving Examination). Learning Chinese in Singapore, to any 

ethnic Chinese student, also has strong sociocultural values (e.g., maintenance of heritage) 

(Shepherd, 2005). Such a case provides an excellent opportunity to compare L1 and L2 reading, 

because learners are peer groups learning to read in the same societal and school context. 

However, it does not seem typically characteristic of the contexts of learning Chinese as an 
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additional language. A notable example of these contexts is Chinese learning in K–12 settings in 

the United States where Chinese is not a societal language and is learned primarily by English-

speaking non-ethnic-Chinese students. In such a foreign language context, these students, besides 

not speaking Chinese at home, have very limited opportunities to engage with Chinese print 

every day both formally and informally. In addition, their motivation to learn Chinese, 

particularly literacy learning, is not at all oriented toward maintenance of cultural heritage. This 

contrasts with L2 Chinese readers in Singapore where spoken and print Chinese prevail in 

schools, communities, and the larger society. It is therefore an issue to be addressed in future 

research whether young L2 readers in other contexts of Chinese learning would show similar 

functioning of phonology, orthography, and morphology revealed in this study. 

The present study focused on 4th graders who had formally learned Chinese literacy for 

about four years. At this developmental stage, both L1 and L2 readers should have accumulated 

a significant amount of formal and informal experience with Chinese print as well as a good 

knowledge of words in Chinese for studying how the three sub-skills contributed to word 

reading. However, focusing on learners at only one learning stage means that developmental 

relationships remained unclear in L1 and L2 readers. For example, would L2 readers start using 

the same processes in a similar way as L1 readers when they reach the same level of proficiency? 

More specifically, given that in Chinese, orthographic forms need to be learned and substantially 

practiced for knowledge of their patterns to be functional in literacy development (Perfetti et al., 

2013), would an effect of orthographic processing emerge among early stage learners of L2 

Chinese or learners with low proficiency in Chinese (refer to the finding on L2 learners in Leong 

et al., 2011); or would the skill function similarly between L1 and L2 readers once L2 readers 

achieve a threshold level of Chinese proficiency? As another example, developmentally, would 
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L2 readers gradually relinquish their L1/English-based strategies to read Chinese words with 

accumulated literacy experience in the target language? Given the cross-sectional nature of the 

present study, these questions could not be addressed and certainly warrant attention in future 

research (especially, longitudinal research).   

A third limitation pertains to the Compound Structure task, which focused only on the 

NN nominal compound words. While those words are the most dominant of the nine form class 

combinations in Chinese (Yuan & Huang, 1998) and are often the common focus of research on 

the role of compound awareness in Chinese reading (e.g., X. Chen et al., 2008; M. Wang et al., 

2006; Zhang, 2013), this type of morphological awareness would be better represented if other 

form class combinations were also included. In addition, different from the Homographic 

Discrimination task, which had a primary focus on meanings of individual 

morphemes/characters, the Compound Structure task had structural awareness as the core of its 

measurement, which might explain the disparate patterns of associations with word reading 

measures between L1 and L2 readers (see Table 2). More specifically, different from L1 readers, 

L2 readers might rely much more on meanings of individual morphemes/characters than 

concatenation relationships between constituent morphemes for recognizing printed words.  

Finally, the stronger performance of the L1 group on the nonverbal intelligence measure 

and its more consistent associations with reading subskills than in the L2 group (see Tables 1 and 

2) might indicate some converse effect of more extensive exposure to Chinese print on the 

development of non-verbal intelligence, which could be an additional interesting issue to explore 

in the future (see Note 3).  

<A>CONCLUSIONS 
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This study compared the functioning of orthography, phonology, and morphology in L1 

and L2 reading with a focus on Chinese. Among the important findings, for both L1 and L2 

readers, orthographic processing was a significant predictor of word reading over and above 

phonological awareness and morphological awareness; phonological awareness was a significant 

predictor of word reading after controlling for the other two skills in the L2 group only; after 

accounting for orthographic processing, phonological awareness, and other related skills, 

morphological awareness contributed significantly to word reading in the L1 group only, and its 

unique effect was also significantly stronger than that in the L2 group.  

At the theoretical level, the commonalities and differences in the functioning of the 

component processes enrich our knowledge about how reading acquisition could reflect the 

mandates by the properties of the target language (e.g., importance of orthographic processing 

across L1 and L2 readers of Chinese) as well as learners’ linguistic and mapping experience 

(e.g., a greater role of morphology in L1 reading), such as conceptualized by Perfetti (2003) in 

his proposal of a Universal Grammar of Reading. L2 readers’ greater use of phonological 

processing in Chinese word reading, in particular, makes a contribution to current theories about 

L1 influence on L2 reading acquisition, which have been established almost exclusively on the 

basis of research evidence from alphabetic languages (Geva & Wang, 2001; Grabe, 2009; Koda, 

2007; Leong, 2011; Nassaji, 2014), such as Koda’s (2007, 2008) conceptualization of cross-

linguistic transfer as a non-volitional process from a connectionist perspective.  

The findings also have important implications for practice. In particular, the finding that 

L2 readers, compared to their L1 counterparts, relied less on orthographic processing and 

morphological awareness to read Chinese words has particular implications for reading 

pedagogy for Chinese L2 learners. As noted earlier in this article, the unique nature of Chinese as 
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to language-to-print mapping requires strong representations of orthographic forms and explicit 

learning of these forms for knowledge of their patterns to be functional in reading acquisition 

(Perfetti et al., 2013). The significance of explicit instruction on orthographic forms (e.g., 

semantic radicals) and character writing seems more relevant to L2 readers, given their typical 

lack of opportunities to engage with Chinese print on a daily basis and a weaker association 

between orthography and meaning compared to L1 readers. At the level of morphology, the 

finding of this study suggests that the morphological insights of L2 readers, compared to L1 

readers, were not strong enough to support their reading of Chinese words. Therefore, explicit 

instruction on morphology (e.g., Packard et al., 2006) could be very important to L2 readers and 

should be highlighted in L2 Chinese reading pedagogy.  
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NOTES 
 

1. As indicated in the Chinese Language Syllabus (Primary) (Ministry of Education, 

2014), children are required to have 4–7 hours of Chinese lessons every week (roughly about an 

hour a day). The rest of school instruction is conducted in English. Given primary school 

students typically stay in school for about 6–7 hours a day, both L1 and L2 readers necessarily 
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have much more contact with English, learning English and using English to learn content 

subjects, than with Chinese. Overall, those who study Gaoji Huawen have one hour more 

instruction in Chinese, or roughly 20% more. than those studying Huawen every week (Ministry 

of Education, 2014, p. 14).   

2. The Chinese Language Syllabus (Primary) (Ministry of Education, 2014, pp. 20–21) 

defines the benchmarks of reading abilities in six knowledge/skill areas for primary school 

students (Grades 1 to 6), including character recognition; radicals; punctuation marks; textual 

comprehension (e.g., fluency of reading aloud, comprehension of implicit and explicit 

information); analyzing, synthesizing, and evaluating texts (e.g., making predictions, 

summarizing, and giving opinions); and using reference books to facilitate comprehension. There 

is also some differentiation for students studying under the different types of Chinese curriculum 

(e.g., Gaoji Huawen and Huawen). For example, at Grade 4, higher-level skills like summarizing 

main ideas or personalities of characters of a story and giving opinions/remarks on a person’s 

behaviors are only required for those who study Gaoji Huawen. However, there are no 

specifications on what specific levels of those knowledge/skill domains students studying in 

different types of curricula should achieve at each grade/stage of learning. The author’s personal 

communications with officers of the Curriculum Planning and Development Division of 

Singapore Ministry of Education revealed that there had been some ongoing effort to refer to the 

Common European Framework of References for Languages (CEFR) for the development of 

specific benchmark levels for 12 years from primary school to junior college or end of secondary 

education, but nothing official seems to have been released.    

3. Research on young children’s reading development usually includes a general 

intelligence measure as a control for possible influence of intelligence on reading abilities so that 
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a more reliable estimate of the effects of other skills, such as metalinguistic awareness, can be 

obtained. For this purpose, non-verbal intelligence is usually measured and included as a 

covariate in statistical analysis, possibly because it is often considered a rather stable trait as 

compared to verbal intelligence as pointed out by a reviewer. In the present study, the nonverbal 

intelligence of the L1 readers was significantly higher than that of the L2 readers, and nonverbal 

intelligence also seemed to be associated with reading sub-skills more consistently in the L1 

group than in the L2 group (see Table 2). This led to the same reviewer to raise an interesting 

point alluding to these differences being a possible result of the L1 readers’ “more extensive 

exposure and practice with such orthographic elements as those used in Chinese characters.” 

While the author agrees with this conjecture, the question as to whether learning to read and 

write Chinese characters improves one’s non-verbal intelligence, such as the type measured in 

Raven’s Standard Progressive Matrices, could not be directly addressed in this study given its 

cross-sectional design. However, this could be an interesting issue to explore in the future 

through longitudinal studies that compare learners with differential levels of exposure to Chinese 

print or literacy experiences in general and examine a possibly converse effect of Chinese 

character knowledge or processing skills on non-verbal intelligence development. 
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